Aluminum nitride ͑AlN͒ is an interesting III-V compound with a wide bandgap, high surface acoustic velocity, high thermal conductivity, high dielectric constant, and good thermal and chemical stability. These advantageous characteristics make AlN thin film a promising candidate for applications in surface acoustic wave devices, 1 light-emitting devices, 2, 3 and field-effect transistors. 4, 5 Recently, AlN thin film embedded with Al nanocrystals ͑nc-Al͒ was found to exhibit a memory effect which has a potential application in nonvolatile memory devices. 6 The memory effect is in fact due to the charging and discharging in the nc-Al under certain gate bias. In this work, it is observed that ultraviolet ͑UV͒ illumination could also induce charging and discharging in the nc-Al embedded in AlN thin films. As a result of the charging and discharging processes, the current conduction of the nc-Al/ AlN thin film system could change under the UV illumination. The situation here is similar to that of Ge nanocrystals embedded in SiO 2 thin films reported recently. 7 An Al-rich AlN film of 50 nm in thickness was firstly deposited on a p-type ͑100͒-oriented silicon wafer, which was precleaned by diluted hydrofluoric acid to ensure that the native oxide and contaminants were removed. The deposition was carried out by rf magnetron sputtering of an ultrapure Al target in a gas mixture of argon and nitrogen with a constant flow-rate ratio of 2:1. The rf power and frequency used in the sputtering were 400 W and 13.6 MHz, respectively. The Si substrate was being heated at 400°C during the deposition. Then an indium tin oxide ͑ITO͒ thin film with the thickness of ϳ130 nm was deposited on the AlN film to form a semitransparent gate electrode with a diameter of 1.2 mm. The details of ITO deposition and characterization can be found in a previous study. 8 After removing the initial oxide, the backside of the wafer was finally coated with a layer of 500 nm aluminum as the bottom electrode. As can be seen in Fig. 1 , the high-resolution transmission electron microscopy ͑HRTEM͒ image shows the formation of nc-Al distributed in the AlN matrix. The concentration of the nc-Al was estimated to be in the order of 10 12 / cm 2 based on the HRTEM measurement. The size of the nc-Al is in the range of 3-10 nm ͑more than 70% of nc-Al has the size of 5-8 nm͒. The current-voltage ͑I-V͒ and time-domain current measurements were carried out with a Keithley-4200 semiconductor characterization system at room temperature. A Dongwoo Optron TH3 arc lamp together with a Dongwoo Optron DM150i monochromator was used to conduct the UV illumination at the wavelength of 365 nm.
The charging/discharging effect on the current conduction caused by a gate bias or UV illumination has been reported for Si or Ge nanocrystals embedded in various dielectric matrices. 7, [9] [10] [11] In the nc-Al/ AlN thin films, it has been also reported that the current conduction can be changed by the charge trapping in the nc-Al caused by a large electrical bias.current measurement, the voltage was fixed at 2.7 V. A small voltage was selected to ensure that the measurement itself would not induce charging/discharging in the nc-Al. Indeed, without UV illumination, the I-V characteristic within the voltage range was found to remain unchanged during the repeated I-V measurements and the current measured during the time-domain current measurement also showed no significant change. This indicates that the current conduction of the nc-Al/ AlN thin films was not affected by the measurement itself.
The UV illumination could cause a significant change in the current conduction in some samples, while the phenomenon was not observed in other samples within the time frame of the UV illumination. Figure 2 shows the situation of one sample that did not exhibit significant changes in its current conduction during the time-domain current measurement under the UV illumination ͑note that the slight increase in the current under UV illumination could be due to the photocurrent generated in the material system͒. In contrast, Fig. 3 shows large fluctuations in the current conduction of another sample under the UV illumination. For the experiment shown in Fig. 3 , the current remains constant before the UV illumination. However, when the UV illumination is applied, the current fluctuates largely. After the UV illumination for the first 205 s, the conductance of the thin film system is switched from a high-conductance state ͑ϳ42 nA͒ corresponding to the situation of no or insignificant charge trapping in the nc-Al to a low-conductance state ͑ϳ3 nA͒ resulting from the charging in the nc-Al due to the UV illumination. This low-conductance state is maintained for about 320 s and then the conductance is switched to a new state ͑ϳ9 nA͒ with a slightly recovered conductance. This indicates that a small amount of the trapped charges in the nc-Al have been released due to the UV illumination and, thus, a partial recovery of the conduction is achieved. The conductance is switched to another higher-conductance state ͑ϳ24 nA͒ 145 s later due to further release of the trapped charges in the nc-Al. However, after the UV illumination of 880 s, it is switched back to the first low-conductance state ͑ϳ3 nA͒. The conductance switching is a random event reflecting the random nature of the charging and discharging processes.
Significant influence of the UV illumination on the I-V characteristic was also observed on some samples. Figure 4 shows the experimental results of one example. As shown in the figure, the current is drastically reduced after the UV illumination for 240 s. The huge reduction in the current indicates a large decrease in the conductance of the thin film system. Other than that, it is observed that the I-V characteristics before and after the UV illumination can be described by a power-law relationship
where V th is the threshold voltage and is the scaling exponent. V th is approximately zero for the room-temperature measurement. 12 The power-law behavior can be explained by the model of collective charge transport in arrays of metallic quantum dots separated by tunnel barriers. 13, 14 Note that the two parameters, ␣ 0 and are not constant and can vary with samples. The change in the I-V characteristic shown in Fig. 4 can be translated to the changes in both ␣ 0 and . The values of ␣ 0 and decrease from 1.11 to 0.16 and from 3.66 to 3.11, respectively, after the UV illumination.
It was experimentally shown that charge trapping in the nc-Al leads to a reduction in the current as well as in both ␣ 0 and . 12 In the study reported in Ref. 12 , charge trapping in the nc-Al was realized by applying a large voltage to the metal gate, and the charge trapping was determined from the flatband voltage shift. The current and both ␣ 0 and were found to decrease with the charge trapping. The phenomena were attributed to the increase in the tunneling resistance and/or the breaking of some tunneling paths as a result of charge trapping in the nc-Al. The changes in the current as well as in both ␣ 0 and due to the charge trapping in the nc-Al caused by the application of a large bias are very similar to the situation of the UV illumination. Therefore, although we are not able to directly determine the charge trapping caused by the UV illumination due to the difficulty in measuring the flatband voltage with the ITO gate, we believe that the change in the I-V characteristic shown in Fig. 4 is due to charge trapping in the nc-Al induced by the UV illumination.
As shown in Fig. 3 , for the time-domain current measurement under UV illumination, the UV illumination could cause either a reduction or an increase in the current. This means that UV illumination could cause either charging or discharging in the nc-Al. The phenomenon was also observed in the I-V measurement under UV illumination. Figure 5 shows the fluctuations of ␣ 0 and under a constant UV illumination. The fluctuations of ␣ 0 and again reflect the random nature of the charging and discharging processes in the nc-Al.
In conclusion, current conduction of the nc-Al/ AlN thin films under UV illumination has been studied. Some samples exhibit random fluctuations in the current conduction under the UV illumination while the others are insensitive to the UV illumination. The conduction instability is due to the charging and discharging in the nc-Al induced by the UV illumination. The charging and discharging in the nc-Al are two competing processes which occur simultaneously and randomly under UV illumination. The conductance of the thin film system is determined by the dominant one of the two competing processes. This work has been financially supported by the Ministry of Education, Singapore under Project No. ARC 1/04. 
